Rapid fabrication of dense 45S5 Bioglass® compacts through spark plasma sintering and evaluation of their in vitro biological properties.
It is challenging to obtain dense 45S5 Bioglass® (45S5) with controlled crystallinity and satisfactory mechanical properties by conventional sintering processes due to its fast crystallization above the first glass transition temperature. Spark plasma sintering (SPS) has stood out in this respect by virtue of its capability to provide fast heating and densification rates. However, there have been insufficient investigations into the in vitro biological properties of 45S5 compacts obtained by SPS. In this study, we report the fabrication of fully densified 45S5 pellets in the temperature range of 500 °C-600 °C through a rapid SPS process (sintering for 3 min) as well as the assessment of the influence of sintering temperature and aqueous aging on the biological properties of sintered pellets with L929 and MG63 cells. The cell culture results showed that both extended ageing and a lower SPS temperature in the 500-600 °C range could generally lead to faster cell proliferation and higher cell viability. The former was possibly caused by the slower alkalization of the media during cell culture, and the latter may have resulted from the release of more Ca and Si ions. The pellet sintered at 550 °C without aqueous aging led to the highest ALP activity in MG63 cells, which may be attributed to the high interfacial pH at the pellet surface and the leaching of more Si ions. Therefore, dense 45S5 compacts with mild crystallinity consolidated by SPS at 550 °C is a promising candidate for orthopedic implants in loading bearing applications.